or together (9, 10), and for determining retinol, a-tocopherol (11), and the carotenoids together (12-15). In our hands these latter methods (12-15) gave irreproducible results. The method described here has good reliability characteristics;
but only a-and (3-carotenes and cryptoxanthin have provitaniin A activity (4).
Retinoic acid, an oxidation metabolite of retinol (vitamin A), can sustain all biological actions of retinol except with regard to vision and reproduction (5). The beneficial effects of retinoic acid on proliferation and differentiation have already been applied therapeutically in treatment of dermatoses, e.g., cystic acne (6), and the compound is also being tested for treatment of malignancies
(7, 8).
These new developments in the functions of retinoids, carotenoids, and vitamin E suggest that assessment of these compounds should be carried out more rigorously than has hitherto been the case. Several high-performance liquid-chromatographic (HPLC) methods have been developed for determining retinoic acid and retinol, separately or together (9, 10), and for determining retinol, a-tocopherol (11) , and the carotenoids together (12) (13) (14) (15) . In our hands these latter methods (12-15) gave irreproducible results. The method described here has good reliability characteristics;
we used it to quantify retinol, a-tocopherol (vitamin E), lutein/zeaxanthin, cryptoxanthin, lycopene, and (3-carotene in 20 elderly subjects and 20 younger subjects.
MaterIals and Methods Materials
Retinol, retinyl acetate, a-tocopherol, and lycopene were purchased from Sigma Chemical Co. (Poole, Dorset, UK). p 
Methods

Chromatography.
The chromatographic system consisted of Spectra Physics (SP; Hemel Hempatead,
UK) HPLC apparatus
Model SP8700 XR, SP8780 autosampler, SP4200 dual integrator, and SP8440 and LDC de-tectors. The main column (250 x 4.6 mm) and the guard column (50 x 4.6 mm) were packed with 5-jim particles of Spherisorb ODS1 (Phase Separations).
All mobilephase solvents were preffitered through 0.45-pin Millipore filter discs (cat. no. HVLP 04700 for hydrophilic solvents, HATF 0.47 EP for hydrophobic solvents). Before use, all solvents were purged with purified helium gas for 30-40 miii; the gas was also allowed to bubble through the solvents during the run. The and a-and (3-carotene. Stock solutions of individual standards were prepared in methylene chloride. Before measuring the concentrations, methylene chloride was evaporated under N2 but never to complete dryness. The residue was dissolved in excess n-hexane (for carotenoids) or ethanol (for retinol, retinyl acetate, and a-tocopherol) to give absorbances of 0.10 to 0.50 at relevant wavelengths.
The concentrations were calculated by using HPLC purifies and absorptivities. The absorptivity values chosen for 10 g/L solutions in 1-cm-pathlength cells were: echinenone, Samples for calibration curves were prepared by adding known amounts of standards to human serum (19) and processing them as above. The calibration curves were constructed by plotting integrated peak-area ratios vs concentrations.
At least three concentrations were used for each analyte.
Quality-control material. Pooled normal human serum was supplemented with analytes and stored in 2-mL aliquots under N2 at -70 or -20 #{176}C. Each tube was used only once after thawing. Each run included quality-control samples.
Results and DIscussIon
We tried previously published mobile-phase mixtures (11) (12) (13) (14) (15) (16) Figure 1 shows chromatograms of a standard mixture. Because we were unable to get pure zeaxanthin standard, we do not know whether the latter would coelute with lutein. Figure 2 depicts results of plasma extracts from two patients and a healthy adult. One patient (Figure 2A ) was treating herself with garlic pills, a heart tonic made from hawthorn berries, and "Natuur" tablets; her total plasma n-hexane extraction has been described by Barua et al. (21) . This also explains why inclusion of an internal standard (echinenone), which did not behave identically with respect to all the carotenoids, failed to correct for differences in the efficiency of the first hexane extraction. A second extraction with hexane improved the extraction to 100% (Table 1) . Therefore, we used throughout a procedure involving two n-hexane extractions. Our recover- (13, 14) . Those groups performed their recovery experiments by mixing equal volumes of ethanol containing the desired analytes and plasma. We, however, have tried to mimic physiological conditions by first mixing 0.5 mL of plaama with 10-20 uL of an ethanolic solution of the desired analyte and then extracting as described in Methods. Our final extraction recoveries of lutein and lycopene were better than those reported by Cantilena and Nierenberg (22) . There was no significant difference in recoveries from plaamsi or serum samples, as has also been found by other workers (13). Our results for the standard reference materials compared well with those certified by NIST (Table  2) .
IS
The calibration curve for the method was linear to concentrations of at least 10.26 &mol/L for retinol, 237
ILmol/L for a-tocopherol,
mol/L
for $-carotene, 4 .46 pmol/L for lutein, 4.59 moWL for ciyptoxanthin, and 4.51 &mol/L for lycopene.
Detection limits. The detection limit was defined as the lowest concentration of an analyte in a standard solution that could be detected from zero with 95% confidence (n = 10). The minimum detectable concentrations (tniol/L) were: retinol, 0.35; a-tocopherol, 5.80; lycopene, 0.28; cryptoxanthin, 0.13; lutein, 0.12; and aand $-carotene, all 0.13. However, using the more sensitive detector (LDC SM 400) improved the detection limit 10-fold.
Intra-and interbatch imprecision.
Intrabatch imprecision, calculated from the differences in duplicate determinations, and interbatch imprecision, calculated from the quality-control samples placed in each run, are shown in Table 3 . Our interbatch precision was much better and our intrabatch precision was either comparable with (for retinol, a-tocopherol, and cryptoxanthin) or better than (for lycopene and a-carotene) that of Thurnham et al. (14) . The between-day performance of the Cantilena and Nierenberg method (22) was better than our interbatch precision, but our intrabatch precision was better than their within-day precision. Intrabatch drift was estimated by placing one of the standard samples at the beginning, middle, and end of a batch and observing differences in its concentration. The batch size varied between 25 and 45 samples. The results ( lutein/zeaxanthin, and lycopene were determined in two group of subjects. One group comprised 20 healthy men and women (10 of each sex) of mean age 36 years (range 23-55). The second group consisted of 20 healthy elderly subjects of equal sex mix with a mean age of 80 years (range 77-89). The results (Table 6 ) for retinol, a-tocopherol, and a-carotene for the younger subjects are 5imilar to those reported for US adUlts (13, 15, 24) . The mean concentrations of a-tocopherol and a-carotene were higher in the elderly group. This may reflect an age-related decrease in the circulatory clearance of retinol and lipoproteins (25, 26) , which transport carotenoids and other lipid-soluble compounds.
In conclusion, the method described gives excellent recoveries and improved resolution of retinol, a-tocopherol, lutein/zeaxanthin, cryptoxanthin, lycopene, and aand -carotenes.
As reported elsewhere, we have used this method to investigate plasma concentrations of these analytes in patients with Alzheuner disease and multi-infarct dementia (27,28).
